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This  semi-annual progress r e p o r t  i s  submit ted i n  p a r t i a l  f u l f i l l -  
ment o f  research performed under NASA sponsorship t o  cover the r e p o r t i n g  
p e r i o d  from October, 1966 through March, 1967. I t  conta ins d e s c r i p t i o n s  
and se lec ted  i l l u s t r a t i o n s  o f  work a l ready  performed, work c u r r e n t l y  i n  
progress and work contemplated f o r  i n c l u s i o n  i n  the f i n a l  r e p o r t  t o  be 
submit ted i n  September, 1967. 
I n t r o d u c t i o n  
The pr imary o b j e c t i v e s  o f  t h i s  research a re  ( I )  t o  d e f i n e  the im- 
p o r t a n t  concepts compris ing "mult iband reconnaissance" and (2) t o  demon- 
s t r a t e  the usefulness of  t h i s  technique by means o f  image examples from 
which p o s i t i v e  t a r g e t  i d e n t i f i c a t i o n s  can be made. Tone d i s c r i m i n a t i o n s  
t h a t  are "enhanced" by c o l o r  a d d i t i v e  techniques a re  a l s o  incorporated 
as an important aspect of t h i s  research. 
i d e n t i f i c a t i o n s  from m u l t i s p e c t r a l  tone s ignatures i s  necessary i f  
meaningful i n t e r p r e t a t i o n s  are to  be made e v e n t u a l l y  o f  e a r t h  o r b i t a l  
imagery . 
The making o f  accurate t a r g e t  
A mul t iband approach f o r  reconnaissance systems i s  based on the 
concept t h a t  unique tone s ignatures may o n l y  be obta ined by tone a n a l y s i s  
o f  those t a r g e t s  imaged i n  more than one spec t ra l  band. While two o r  
more t a r g e t s  may r e f l e c t  s i m i l a r  amounts o f  energy i n  any one spec t ra l  
band, i t  i s  u n l i k e l y  t h a t  these t a r g e t s  w i l l  r e f l e c t  the same amount o f  
energy i n  s p e c t r a l  bands f o r  which a remote sensing c a p a b i l i t y  e x i s t s .  
Hence, i f  the t a r g e t s  are sensed i n  two or more p r o p e r l y  se lec ted  se lec ted  
bands, t a r g e t  d i s c r i m i n a t i o n s  based upon r e s u l t a n t  tone s igna tu re  con- 
t r a s t s  are g r e a t l y  improved. 
\. . 
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Tone Signature Analys is  
The reason f o r  p l a c i n g  great  emphasis on image tone s ignatures  i s  
t h a t  image ana lys ts  depend l a r g e l y  upon t a r g e t  tone r e n d i t i o n s  of imagery 
ob ta ined from h i g h  a l t i t u d e s  due t o  the r e l a t i v e  degradat ion o f  o the r  
r e l a t e d  i d e n t i f y i n g  c h a r a c t e r i s t i c s  such as t a r g e t  geometry and tex tu re .  
Before s u i t a b l e  i n t e r p r e t a t i o n s  can be made from t h i s  a i rborne  or space- 
borne mul t iband imagery, however, i t  i s  necessary t o  know the spec t ra l  
response o f  each t e r r a i n  feature t h a t  i s  t o  be i d e n t i f i e d .  I t  i s  these 
spec t ra l  responses, together  w i t h  the de tec tor  s e n s i t i v i t y  ( f i l m  emul- 
s i o n  or e l e c t r o n i c  s igna l ,  etc.),  f i l t e r  t ransmi t tance,  and i l l u m i n a t i o n  
leve  ( s o l a r  energy, p r i m a r i l y ) ,  t h a t  a re  t ransformed i n t o  d i s t i n c t  
grey eve1 tones or c o l o r  rend i t ions .  
I n  o rder  t o  s tudy tone responses ( f o r  t a r g e t  i d e n t i f i c a t i o n )  w i th -  
o u t  the a i d  o f  t a r g e t  geometry o r  t e x t u r e  r e l a t i o n s h i p s ,  a s p e c i a l l y  
designed c o l o r  panel was const ructed which cou ld  be r e a d i l y  photographed 
us ing  a l a rge  number o f  f i l m - f i l t e r  combinations. F igure  1 shows a p r i n t  
from an Ektachrome exposure o f  t h i s  c o l o r  panel d e p i c t i n g  the c o l o r s  and 
backgrounds used. Numerous exposures have now been made o f  t h i s  c o l o r  
panel ,  us ing  a P o l a r o i d  panchromatic type f i l m  and f i f t e e n  d i f f e r e n t  
Wrat ten g e l a t i n  f i l t e r s .  Figure 2 i l l u s t r a t e s  s h i f t s  i n  tone response 
as a f u n c t i o n  o f  j u s t  two o f  these f i l t e r s :  
examining these tone s h i f t s  i n  a l l  the f i l m - f i l t e r  combinations used, 
i n fo rma t ion  l ead ing  t o  accurate t a r g e t  i d e n t i f i c a t i o n  ( i n  t h i s  case, 
t a r g e t  color i d e n t i f i c a t i o n )  i s  assembled. Some o f  these p r e l i m i n a r y  
r e s u l t s  a re  tabu la ted  i n  the  Appendix. 
WR-25A and WR-47B. By 
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The energy source used for  these exposures cons is ted  o f  f o u r  150 
wa t t  f l o o d  lamps d i r e c t e d  from both s ides o f  the panel; a l l  optimum ex- 
posures were obta ined by bracket ing  around tha t  camera s e t t i n g  which 
gave the maximum negat ive densi ty  range between the b lack  and wh i te  steps 
on the greyscale s t r i p .  
combinations was then made i n t o  a 36" x 4" l a n t e r n  s l i d e  p o s i t i v e  t rans-  
parency. Some p re l im ina ry  t r i a l s  t o  t e s t  r e g i s t r a t i o n  problems have 
been made and the r e s u l t s  so far  have been encouraging. 
has been encountered i n  at tempt ing t o  produce good p r i n t s  from c o l o r  
negat ives or c o l o r  transparencies because o f  c o l o r  balance problems. 
have found i t  h e l p f u l  t o  inc lude a s u i t a b l e  c o l o r  c h i p  w i t h  p r i n t  requests 
which the commercial process ing company can use as a reference. Without 
t h i s  s o r t  of reference, we are apt t o  o b t a i n  less des i rab le  photo p r i n t s ,  
e s p e c i a l l y  w i t h  some of the  e x o t i c  f a l s e - c o l o r  r e n d i t i o n s  we would l i k e  
t o  study. 
The optimum exposure f rom each s e t  o f  f i l m - f i l t e r  
Some d i f f i c u l t y  
We 
Color  Composites by Color Add i t i ve  Techniques 
F igures 3 and 4 con ta in  i l l u s t r a t i o n s  produced by s imultaneously 
p r o j e c t i n g  var ious f i l m - f i l t e r  combinations through se lec ted  Wratten 
c o l o r  f i l t e r s .  
the  main problem being t h a t  o f  g e t t i n g  the p ro jec ted  transparencies i n  
common r e g i s t e r  on a t rans lucent  screen. Color composites formed i n  t h i s  
manner can then be viewed o r  photographed from behind the screen. The 
t o t a l  number o f  poss ib le  c o l o r  composites i s  q u i t e  l a rge  cons ider ing  a v a i l -  
ab le  f i l t e r s  (15) and p ro jec to rs  (6). From dens i tomet r ic  ana lys is  o f  the 
l a n t e r n  s l  ides,  proper c o l o r  f i l t e r s  w i  1 1  be s p e c i f i e d  f o r  maximum enhance- 
ment con t ras ts  bo th  for ( 1 )  any p a i r  o f  the c o l o r  ta rge ts ,  and (2) the 
Both the technique and the apparatus are r e l a t i v e l y  simple, 
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grea tes t  number o f  c o l o r  targets .  Th is  a n a l y s i s  i s  c u r r e n t l y  i n  progress. 
8 
Once the s p e c i f i c a t i o n s  f o r  c o l o r  r e n d i t i o n  can be q u a n t i f i e d  from a 
c o n t r o l l e d  model (such as the  c o l o r  panel descr ibed),  i t  remains f o r  
p r a c t i c a l  a p p l i c a t i o n  t e s t s  t o  be made o f  t e r r a i n  examples. The p r i n c  
i n v e s t i g a t o r  has, a l ready i n  hand, numerous examples from var ious p o r t  
of the e lect romagnet ic  spectrum from which such t e s t s  can be made. I n  
Pa 1 
ons 
a d d i t i o n ,  a proposed experiment t o  be conducted a t  the Davis campus water 
tower p l a t f o r m  w i l l  y i e l d  imagery and photography o f  cereal  crops and 
range grasses t h a t  can be incorporated i n  t h i s  enhancement work. 
The advantage o f  c o l o r  composites de r i ved  from c o l o r  a d d i t i v e  
processes i s  based on the concept t h a t  one color-enhanced image--derived 
from two or more b l a c k  and w h i t e  images obta ined i n  d i f f e r e n t  p o r t i o n s  
o f  the spectrum-- is more 
images used i n  i t s  compos 
imaged tone s h i f t s  i n  two 
combinations. Even when 
n t e r p r e t a b l e  than 
t i o n .  I t  i s  d i f f  
three, o r  more b 
hey are combined 
the o r i g i n a l  b l a c k  and wh i te  
c u l t  t o  i n t e r p r e t  between 
ack and wh i te  f i l m - f i l t e r  
o form one b l a c k  and wh i te  
composite, the tendency i s  t o  "mask" o r  reduce important d i f f e r e n c e s  i n  
c e r t a i n  o r  a l l  f ea tu res  t o  be i d e n t i f i e d .  Wi th  c o l o r  a d d i t i v e  techniques 
these d i f f e r e n c e s  are enhanced by the r e s u l t i n g  c o l o r  r e n d i t i o n s  t h a t  
a r e  p o s s i b l e  and the more va r ied  c o n t r a s t s  t h a t  can be produced, r a t h e r  
than masked, 
By r e f e r r i n g  t o  F igures 3 and 4, i t  w i l l  be noted t h a t  d i f f e r e n t  
the r e n d i t i o n s  are poss ib le  w i t h  var ious c o l o r  f i l t e r s .  
v e g e t a t i o n  has been rendered i n  two c o l o r s ,  llredll and "green1t. This 
was accomplished by p l a c i n g  these co lo red  f i l t e r s  i n  f r o n t  o f  the I R - 8 9 B  
b l a c k  and w h i t e  transparency f o r  each exposure. But n o t i c e  the apparent 
I n  F igure 3 ,  
m 
F igu re  1: Co lo r  Panel Display.  
The above p r i n t  i s  f rom an Ektachrome exposure and represents a 
t r u e  r e n d i t i o n  o f  c o l o r s  used i n  the  c o l o r  panel mentioned i n  the t e x t .  
These t a r g e t  c o l o r s  (egg tempera pigments) were a p p l i e d  d i r e c t l y  t o  the 
board surface. On the  r igh t -hand p o r t i o n  o f  the  panel a d d i t i o n a l  c o l o r s  
were appl i e d  t o  th ree  d i f f e r e n t - c o l o r e d  background surfaces: d u l l  brown 
a t  the  top: charcoal  i n  the middle,  and f l a t  green a t  the bottom. The 
same c o l o r  appears on each o f  the th ree  backgrounds i n  the same r e l a t i v e  
p o s i t i o n .  These t e n  c o l o r s  were chosen t o  s imu la te  vege ta t i ve ,  s o i l  and 
r e l a t e d  t e r r a i n  co lo rs .  Inc luded a t  the lower edge o f  the panel i s  a 
s tandard  Kodak greyscale s t r i p  which can be used t o  c a l i b r a t e  the tones 
ob ta ined  on the  b l a c k  and wh i te  photography. 
-b- 
l e v e l  of con t ras t  achieved w i t h i n  each vegeta t ion  r e n d i t i o n .  The l e f t -  
hand i l l u s t r a t i o n s  of  each show considerably more con t ras t  than the 
r ight -hand examples. The viewer might get a f a l s e  impression o f  " t o t a l  
l i v e  vegetat ion ' '  i f  on ly  the r ight -hand c o l o r  composites were examined. 
The good con t ras t  achieved by the p a r t i c u l a r  combinat ion o f  c o l o r  f i l t e r s  
used f o r  the l e f t -hand  i l l u s t r a t i o n s  p o i n t s  o u t  the need f o r  q u a n t i f y i n g  
dens i t i es  as a means o f  s e l e c t i n g  c o l o r  f i l t e r s  which w i l l  produce the 
bes t  r e s u l t s  poss ib le  us ing  t h i s  technique. 
F igure  4, desp i te  i t s  poor reso lu t i on ,  a l s o  shows the advantages 
o f  render ing combined d e n s i t i e s  i n t o  one c o l o r  composite f o r  i n te rp re -  
t i v e  purposes. The separate b lack and wh i te  t ransparencies from which 
t h i s  c o l o r  composite was made each possess the dens i ty  o r  tonal  anomalies 
f rom which t h i s  i l l u s t r a t i o n s  i s  der ived. The process o f  i n t e r p r e t i n g  
the scene i s  g r e a t l y  improved, however, when one c o l o r  photo i l l u s t r a t i o n  
i s  used instead of th ree  b lack  and wh i te  i l l u s t r a t i o n s  o f  the same area. 
Work Contemplated 
The process o f  s e l e c t  i ng appropr i a te  c o l o r  f i 1 te-rs w i  t h  which t o  
o b t a i n  the most i n t e r p r e t a b l e  co lo r  composites i s  be ing analyzed cur ren t -  
l y ,  w i t h  the i n t e n t i o n  t h a t  tab les be prepared and inc luded i n  the f i n a l  
repo r t .  Tests w i l l  be performed t o  determine how w e l l  and e f f i c i e n t l y  
t a r g e t  d i s t i n c t i o n s  can be performed us ing  these tab les.  More i l l u s t r a -  
t i o n s  o f  the type inc luded i n  t h i s  r e p o r t  w i l l  be used t o  demonstrate 
the usefulness o f  c o l o r  composites f o r  a v a r i e t y  o f  t a r g e t  i d e n t i f i c a t i o n s .  
The experiment t o  be conducted a t  Davis w i l l  p rov ide new image resources 
from which f u r t h e r  t e s t s  of image dens i ty  r e l a t i o n s h i p s  can be s tud ied.  

"Red Vegetat ion' '  Rend i t i on  
Good Con t r a s  t P o o r  Cont ras t  
"Green Veqetation" Rend i t i on  
Good Contrast  Poor Cont ras t  
F iqu re  3: Color-Enhanced Examples o f  Tucson M u l t i s p e c t r a l  Photography. 
The above f o u r  i l l u s t r a t i o n s  are the r e s u l t  o f  p r o j e c t i n g ,  i n  common 
r e g i s t r a t i o n  and through co lo red  f i l t e r s ,  th ree  d i f f e r e n t  b l a c k  and wh i te  
p o s i t i v e  t ransparencies made from h i g h - a l t i t u d e  photography o f  the Tucson, 
Ar izona area f l own  l a s t  year. The f i l m - f i l t e r  combinat ions used were: 
a 
t es ,  
( 1 )  Panchromatic-25A, (2) Panchromat ic -58,  and (3) In f rared-89B.  For 
more d e t a i l e d  d e s c r i p t i o n  o f  the 
see t ex t .  
n t e r p r e t a t i o n  o f  these c o l o r  compos 
I 
I '  
F iqure  4: Color Composite o f  a Rangeland Area i n  Northern C a l i f o r n i a .  
Th is  i l l u s t r a t i o n  ind icates the importance o f  tone r e n d i t i o n s  by 
c o l o r  a d d i t i v e  techniques. I n  t h i s  example, the i d e n t i f i c a t i o n  o f  
t e r r a i n  types i s  g r e a t l y  improved by color-enhancing through the use o f  
se lec ted  c o l o r  f i l t e r s .  The t e r r a i n  types descr ibed below were d i f f i -  
c u l t  to  i n t e r p r e t  on the o r i g i n a l  b lack  and wh i te  t ransparencies from 
which t h i s  i l l u s t r a t i o n  was derived. By c o n t r a s t i n g  c o l o r  r e n d i t i o n s  
- 
( together  w i t h  accurate ground t r u t h  in fo rmat ion)  the f o l l o w i n g  i d e n t i f i -  
c a t  i ons we r e  made: 
( 1 )  L i g h t  b lue  areas - low sagebrush type. 
(2) Green areas - wet meadow type dominated by rushes (Juncus sp.) 
( 3 )  Red-orange areas - wet meadow s i t e s  dominated by sedges, grasses 
and forbs;  very h igh  i n  I R  re f lec tance.  
(4) Dark areas - standing water from adjacent spr ings.  
APPENDIX 
The tab les  which f o l l o w  c o n t a i n  dens i t y  measurements taken 
from images o f  the c o l o r  panel descr ibed i n  the t e x t .  Each 
c o l o r  used i n  the  panel i s  t abu la ted  l i s t i n g  the o p t i c a l  dens i t y  
obta ined f o r  each f i l m - f i l t e r  combinat ion inc luded i n  t h i s  anal- 
ys is .  The data are unadjusted f o r  d i f f e r e n c e s  between f i l m -  
f i l t e r  exposures, etc., but a re  inc luded t o  g ive some r e l a t i v e  
i n d i c a t i o n s  o f  tone con t ras ts  f o r  the d i f f e r e n t  f i l t e r  charac- 
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